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Research of adaptive non-invasive ventilator technology based on
perception fusion

DENG Zi-heng", LI Min-xi*, SHEN Da-wei', ZOU Jian-wei?>, DENG Qing-xu'!

(1. School of Computer Science and Engineering, Northeastern University, Shenyang 110167, China; 2. China Railway
No.9 Group Co., Ltd, Shenyang 110013, China)

Abstract: With the global aging population and an increase in respiratory system diseases, the usage scenarios of
non-invasive ventilators are gradually shifting from hospitals to everyday homes. Therefore, there is an urgent need for
ventilators to possess stronger autonomous adaptive capabilities to provide personalized treatment for different
conditions. However, the current level of intelligence in ventilator products is relatively low, mainly constrained by the
ventilator’s ability to recognize patient respiratory states and its adaptive capacity to adjust ventilator parameters
accordingly. In response to this situation, this paper combines technologies such as sensor fusion and deep learning to
design and implement a sensor fusion-based adaptive algorithm for non-invasive ventilators. This algorithm consists of
two parts: a deep learning-based parameter initialization algorithm and a deep learning-based stepwise titration
algorithm. The parameter initialization algorithm initializes the ventilation mode and parameters of the ventilator based
on the patient’s historical respiratory data. Building upon the parameter initialization, the stepwise titration algorithm
monitors real-time changes in patient state parameters through various sensors and adjusts the ventilator based on these
state parameters until the entire treatment process is completed. Finally, we conduct simulation experiments on the
proposed adaptive algorithm on a simulation platform, simulating different respiratory symptoms and leakage scenarios.
The experimental results demonstrate that the adaptive algorithm outperforms existing works of the same type in terms
of classification accuracy, precision, recall, and F} score, which suggests the potential to accelerate the intelligence of
ventilators and provide the possibility of personalized treatment for patients.

Keywords: non-invasive ventilator technology; perceptual fusion technology; respiratory state detection; deep
learning
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Lo '
1
ConvTransforme | ! o O 00 1
Block ! 1
1
l 1 Con Transformer : ¥
]
Linear (64) [N Block ’ Linear (1)
___________ ’
RELU RELU
Concatenation

&

Linear (1)

4 RSENEELN

TEI P RFAE 43 3O, 1 e I B A7 3 4,
AR TG 245 vh 2 S v = T HLHI 3R BUA 7] 4
B L AE OCREAE. [R5 4 4 1) i 3 B0 189 hn 4z
B 4w (positional encoding), N 7 B Hh HIEEAS A
B o N2 A7 BAE B R b B R I Ed o
& [ ConvTransformer Block $2& BT 41| ¥4 (I RFAE. 75
IR P2 BN SCfE BAE R HE N TR AW
I & (queries) 5 5 i) & (keys) 2 [ AH ALY BF 51 N RS
BB X 35 8% 52 {5 2., ConvTransformer 51 74281 & - [ 46
Transformer, 7 11 5 FH ¢ 1 H BB I 5] NG FH 45 44,
fERZ KN kS PR LRGSR N 4R
queries Fll keys. iX B A A 2R 45 BUR 5 8 2 4 AN
TN B I B, 75 2SR R 8] 55T 3R ECAS 2
AR IS 8] 5 A5 S JE e R R A6 AR A I (mask) 77
3, 25 B AR SR IR TA) R % 24 1 I () A R 422, R DR B 4
A [ e 2 I ) R B 4, DA SR IS b &
IS 8] 5 A S5 OCEK. 55, 4 WAL 5 43 S b AR R IR AL
WEB R JIE NS B REE 5 I 45 SCHE B B i
PR AP, G0 B 215 22410 AR FEA
AR B,

2.2.2  THFHEDMES SRR MRAE B SR 2 R0k

T SC I IRATL B ] 2 18 B 2 S A O Xt ot B9
i KB 1 PR E Bl kS B — 58 I SRR . 5 AR AR A
it R B AT AN AR YT, 75 B S A I 28
RIFE TIPS EL, R AR ST T S e 5
0 AR R R E AN R, B8 S A ¥ s SR R R
ASH BN A BT AR B350 N A TR A
55 RN RE PR R R 7 7 2K, R A E R A S 5L
W B S

Sof T 2 M i 41 COPD - ARDS, IR B SEZ
T 58 R DG T i A VR B R <& (tidal volume,
TV), 388 i Ao I 25 353X 1 TR A v AV A 38 S A IR
AFINEIR DR, H LA A AR 3 5 R B IR AL 2 5
DLIE B B3 B Ak A A P b, o ot S0V R K s T
T o AR SRt B 2 I S SR AR, 4 E AR i 2 3 L
Ui W O P AR i S B R (PR IR R
MR EHE LBRIRAE) R ERL A

T;

TV = foTi Qhumdt = fo (Qrot — Qreaka — Queaky)dt.
(1)
JLeft: Quum T HH I I IR B Qo0 TR VI3
o W 2 P I =, B R )RR Qleaka s Qieaks 737771
T N AR SAIEN AR
X 98 R M IRE, W1 OSAHS, [ e iF: B I A
HITRE AR, WEIRATL S IR 58 S92 22 AR 5 min PARIE
A R AR BSOS R IRNL 2 HdE AT S I A
B R A O O R S R R R E A
Kyt 150 % JEAT %5 LL A5 21, 25 A IR IR 38 A< B /s
TAZBME Kyr 1950 %, WA H B I8 ST, # B
U S8 (PR AR N (] 3EAT SR A, 4 SR ARl A
[ RFS:10s LA, WD A R A — R S A (R
W R A BE Kyr A2 85 vH 55 min Y5 5T 25 %
AR I E S B, 1% H A7) 78 B0 ) s i
XIS AR W RS R ).
FESEI E A, 1 S RBOZAIRAS TR R AR
IS 18] (B A PEORE N 1 min, 98 PEI5 9 A 5 min, B
FEUHST R] P 345 L AR AR Yo 2993 i PR IR IRATL 28 1AL 3 7 40
A E) N IPIRES S H, I AP IRE S BUE TR
/N AR IR AR 238 B R 2R 27 1 1 A S AR b, AR
9 B TR B8 SR 9T ROR, BN IR AL v 15 B 2
HE BP9 22 1 85 Al S BUE, 4 XS IR LS
B AR, I 4k 2R R RS AR B RS
AL A5 AR B IR A A TR bR, WIAE AT 2800
PRAEZ AT S Xt B AT BRI S EOEAT S5 0, )t
R P B 2 45 L 28 8 3 %o 2 PRI LA SR 11 22 4
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BEL, ) P 384 o s g 4 0f S5 3 P AR AN R RS, G T LA
%R PR ANIE B S TG 7 2, LI o i 2
BRAEARIEAE 2 B R B RO, AT R 8T, &
AR I 0T AR 2 P IRATL (9 22 4 ERR, T A T
YO P SIS 3R S 20 PRI 2 B AT AR R T,
N PR IR B8 I W 3, W RO 2 B0 AN B T4
%X HLR ] UPTODATA i PR = 2 %5 45 122 v 2 43
WP AL 2 0028 56 P IR L 2 B A7 o5 SI2 i g
SRR BB ALIG T IS AR, B B TR i AR
7 A A, TG R 2 B0k AT SR T A
PRI IE 5 R R P P e A2 I A% o BT R I PR 2= 5 1E
WA GTRIR WAL e A b PR R IR R A
L2 .

*2 SREIMNETEEZESY

wie SO et e (LR R
w1 IR
w1 LI
OSAHS 5 cpap  AHI=0 CPAP<I5CPAP+1

SPo2 > 92

3 MASKRERERE
ASCHERE T 113G RIS 50 F 3 B UL
FUS I 5%, CABRAIE TS GRPIR B 38 2 5425 o #4350

ARDS 2500
,§ Hypopnea 2000
-_‘5’ 1500
o
g COPD 1000
Normal 500
0
Real label
(a) propose model
ARDS 2500
_§ Hypopnea 2000
2 1500
% copp
a. 1000
Normal 500
0

Real label
(¢) KNN model

I LA AP, ST & B ASLS0002) 3= Bl 4
Jiti A g N AR i AL I 5 38T %4 DPAP30 Pro(V2) {E N
WP LIE ST 6 2K
3.1 SEVEHEENAERE

HEELARDS (2P E I8 5 A1) COPD (1814
BE & P il 2975 )« OSAHS (HIE NS WP I8 87 452 4 4 1E) 3
i N TG B IR AL YA T IR IR W AE 5 Normal (1F %
P H) 1 D9 56 41E 2 00 46 10 53005 1 R RCIR 2, 36 FH
WAL P B g S S A R S e SR AN R
WP IRCER A8 777 A2 1R IR 4R, 5 BOxs P8 5040 114 17 2.
3.1 FRBPRR W LA A IR

A58 FH P Ak B 7 A7 3 B0 D A (3R 12 000 4N
AR Ko BT B (1 R O A W B9 R B (AR
B ALGHLES 2 ST SVML KNN 432854095 K2 CNN-
LSTM I [ 7 51) 43 2 LB 3R 47 M gt L, 2% Bk
PEBR W 3 Frow. FRIPIR A I 32: . SVM.L KNN 7326
BRI e CNN-LSTM B2 7 ISR b VR i o P
5 R,

3 BERENE LR S LRI

Bk Pre Recall F Acc
HT RME 0.744 0.737 0.740  0.739
FF KNN 0.857 0.859 0.857 0.858
H#F SVM 0.882 0.883 0.881 0.882
JET CNN-LSTM 0918 0.919 0918 0919
LIPS N AR 0.988 0.989 0.987  0.989

2500
.5 2000
3 1500
5t
a 1000
500
0
Real label
(b) SVM model
ARDS 181 0 2500
_5 Hypopnea 5 2000
.2 1500
T copD
a 1000
Normal 500
0

Real label
(d) CNN-LSTM

5 TREEENSLKRFERE
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W2 3 o, T R 0 SR AR B AR SRR 1) 43
FR I 22, 3K A K A% 5 152 10 B 36 5 1 s el AR
K. A SO R E AN [A] 1) 5838 DL AN [R] B9 155 7
FFR R, R IHG TRE R ) P — R A A T XS A (] WP 8 T B
ZRIMBBRZE . AL G4 F A KNN, SVM
() A TR TR B AR AR 2 T BB P B0 o R A %
IR IABRIZTE, 735l 15 31 85.8 %+ 87.4 %.

CNN-LSTM 535 W 15 2 8t — D4R Tt 70 KU1
FEILF]91.6 %. P2 H A WX 28 FE TR ME R 28 . BURK
PE. R By o A TR S, o RS HEFE A
1 98.9 %, W13 3 R, AT LA H, A SC IR e ) 5
TR RS HERF 7328 HH BR IRVR IR () S ).

N T 3R B AR ST I TR RE I RN AR E 1, XT
Recurrent Block J& G E R JIMLEIEAT 24, 1%3E
BEABUEIR 7R T % NFFAE AR AS [8] B 8] 25 % g5 2 1500
SR, B 6 JEaR T 4R R IR S B AE A [F] I (] 25
N R IAUE KN, AR BR R R B N REAE BRI ] 25
H, YRR INVE B FIHLE A Z I )20 N R AIE 5 B 1Y
BUE R/, 0] DL H, 50 R 06E A 5] W W 288 Y AR A0 PRI AY
A I 2 S, X I TR 360 1 i th 7 VA e
A B EX J3 A [F] WE R SRR Fr 7 8 AR A5 . i
M5 A [ I [8] 28 T A K/ BB, % T COPD, 13 =
JINLH BT HE 5 ~ 55 201 [A)25, 1X &t -F COPD
ARASAE AT AW SO AR BB T 2%, 5 HoAth 3 Fil i
WS T 22 5 3K ARDS IR IRCHR 285 ) 9% 33 B 8] 25 30
LU 15 2, 1X & i T ARDS £ J5 3 5 A I fR
A 25 IZ 1 K X F Normal 1k #&5 Al Hypopnea R Z5,
T R I HL A A EE S5 B B ] 255 R 38 DR AN W gk /s,
Hypopnea £ H T [ 3£ 5 4% Normal IR & 512, 1iZ I 4
£ — 2 _EARIL T Hypopnea A1 Normal IR 75 5 5%
VEW AR W UGB B, TR AR I T — 3 76 W B AR
8L, 43 SR W AE. 27 b i B 6 30 AE T A H VA
A B

4 --- normal
301 \ Hypopnea
P Y PD
S I ARDS
~ ‘r‘ \\
2 20F /N S
'gb .‘“ ‘,‘......_";‘,,,, 7‘»"'\
‘5 15+ ) '\ ‘; .\'V
B 10 b - \\;w\ :,..m,.:m;r,::;;'/ ]
-
5k - Voo |
0 20 40 60
time index

Ee6 4FEMFERIFENNE

3.1.2  BRIRAWEE AW RERE
WA SCHTIR, X 1 A VR A, 2R Sk
SXof I P W 28 5] s B L A9 5 8 s AR R AT L, DA S

T RT I e W 24 S %) 4 B, 33 17 12 5 W IROBL B W 4 2
B N T RAE XS LR IRCHR S BIAE 15 7 1A B, AR 3
HEAT W0 T 7 FLSE SR

¥ 1 /NI 1) ARDS 5 COPD [ i %50 47 4 45 )
By N P T R 00 595 o 455 - 12% 0 P IR G 300 592
HE TP 2R ) 6 ) T v A 2. LR /E ARDS %l 45
17N EF PR 25040 40 W vHE i %60 99.1 %, COPD %5 48
b e S B RN 99.3 %. R A% S N A B SR,
TSI I KA T e e R SR TR G, T B v
B R AR 5 S . TR WP 7 8 R A A9 e, B 58 %o
ARDS. COPD H| W5, ¥ ARDS 5 COPD ] 5 {E.
EE A5 58 BN 95 %, BV AT 1 /INIRF PR F BA I IR 340 7 455 B 4
H ARDS 8 COPD ¥ LE A5l It 95 %, WIS 2 i £ 2
HH IRAZ AR E AT I RE IR 46 S 8 B, Bk
e RNk 4 pos.

#4 BEFRFINEEESUBERESR

AR BdRE LMRAHERE /% REBIELLE] /%
ARDS 1836 99.1 95
COPD 1267 99.3 95

3.2 ERLHEERZENAERIE

TR F SIS 6 5 PRI LA [F) 4 tH 77 TR
AR BE AT L B PRI LA s 43 i HS 8.
12, 16+ 18, 20 cmH,0, A [FlHE A J il SRR LR A A
7] R 1 1 A R 1R 1 3247 ASLA0L, 15 280 5% R PR A AT
Uiy N T A EE N TR A % 2 1 I A
L5 LA H 5.

P AR SCIR AR I % 5 B A IR ML IR SR I
%+ RNN. LSTM. Jii4f Transformer encoder Block
S (R IR B 2 I B RLAE R/ 6 900 Fr 4L |
HEAT A, THEAS R RN LR R il SRR AE N R AR
NN EE EFIMAE FIMSE . T34 WK
At B A I A R B A I TGV X A N AR AR R
N 9IRS, DX A 7 VR, TH Rz BRI 1
ARSI SLER AN AE ARS8 13 77
% 72 (mean squared error, MSE). ~F#4) 4%} i % (mean
absolute error, MAE), £ 5k B AR ZE R ank 5 fro.

x5 BRSKENEIRERIIEE
AH

AR Total

Model

MSE MAE MSE MAE MSE MAE

PSR RIS — - - — 2379 1.08
RNN 0.182 0.046 0.138 0.038 — —
LSTM 0.064 0.024 0.052 0019 — -

0.044 0.019 0.040 0018 — -

0.039 0.020 0.032 0.017 — -

Transformer encoder

ConvTransformer
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WFF F: AT RAaRA0 8 E N LA RIBEKAR 2429

S 4 AR B, LA IR AR I BRI AR
R NEAE BTN I oK 5 A — IR ™= A IR I B
Ak, R I 1 22 0K, G A WP SR AT A V2% (1) MSE
f5°42.379. MAE{H N 1.08. 584 IS 55 H
Eb, 1 5 2 > M 7Y 1) MAE A MSE 18 ) 4 5. % P& AIK.
b 3 T8 BR 45 79 B9 LSTM 7E A\ i < i MSE.
MAE 4351124 0.052., 0.019; 76 %+ kN A S s 347
[, BT R i S B BOR, B R ik, MSE.
MAE 4351’4 0.064 0.024. 15 2 T Transformer &5 14
A FE B K H FN 22 B RE JJ, Transformer encoder 15
RUAEMNASE R R4, LT IER AR 2%, 7EN
AAAE A NS REE |, Transformer encoder #5754
#) MSE Y% T 0.05. T 2= 3¢ 4# FH f) ConvTransformer
ZE F A X T Transformer encoder [F] 5% 2158 3] 7 i3t
— BN E N R AE N TR SR UGS T 0.032
F10.039 (1) MSE &5 8. [ Ik, A SC 8 11 (10 I AR &5
ETCW 25 I WP LR SR I 200 2 5 i AR
JF [0 VA (R B 2 SRR L, AR T B /N [ ) 43R
.
33 BEREZEPREZFINEZESHESHR

TE A S AT, TE SINTR B 2 ) IR R AR SR
TEAE Sy K UER 2R 5 B H R 2 % 2 DifE bs B3 T
A 28 W R ASE W 55 s SRS WU BV (LR R 2% 2 BV I
2 a Rk, KR [ is SRR R K, A I i kAT
SIS DAAS 56 2 75 3 2 0T AT 55 B B[R] 249 5. R FH 1)
IR T AF %5 5 AMD Ryzen 75800H CPU,32GB
1%, NVIDIA GeForce RTX 3070GPU. £ S5, %o} v
TG YR 5 IR A3 AT A 3K 6 BT, IR N B vk
FIT 75 [ A Y 23 B0 A FLOPs 43 51 4 119425920 Al
183 486, kb # 1 /INEE H 45 (I B FE 8 33 s, BT BI%
{5 FH WP IRCHL 7 50 S B8 46 40 AT, AR 33 s (1) B FE T
JE I E] 249 3R IR AR I BV B TR AR 2 S 4 R AN
FLOPs 43 54 7393 280 #1117 735, Hoiz 47— IR IR %
5 14 B 18] 9 62 ms, 328 28 /I T — R OE H IE AT 7 1
3~ 5s, BRI IA A 62 ms F A A 2 I 1A) 20 3R

x6 REFIMOBTEDN

TRFS params flops times
LIPS N AR 183 486 119425920 33s
kv sl =873 17735 7393280 62 ms
4 4

AR SRS 2 AT PR REAL R FE AR B I B
PERIT TR BRI 1), 3R T — B TR S
Ta BRI AL 1 3E L S5 A 23 A A TG B R B R
VERRIE b 97 3 B (= tk B BEANSE 7 S HH)

SR SR ANIZ A 5 FAE N4, e S e AL
SRR R 17 S O 12 R 0 L 1) R LoE R K
B2 5, ki s BT 46 Fe 7050 B8 2 AR IR
1, 1820 8 AT R R I AR s S
Ko 8 RS S ERA, AR LTRSS A F
X IFIRATL N 2 303047 T 1T BB AR AT N E B AN BT
R B i BuRceE A k) R S S M P U R cH
FAEEVE R AR AR AT X LG, B E 1 i IR L E
e A - AFIIE SR
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